Iberian Peninsula CONCLUSIONS A comprehensive community characterization using multigene metabarcoding revealed patterns of change in communities that were dominated by invasive seaweeds in marine reserves. These changes were context-dependent and varied with the invasive alga, the fraction analysed, and the eukaryotic group considered. The small components of the benthic communities are the most diverse and most difficult to study with traditional methods. Yet they are of crucial ecological importance and are likely to be the first to respond to perturbations. The use of metabarcoding is a fast and efficient method to study these components and their changes with time. The acquired datasets represent baseline information for future monitoring of these communities.
INTRODUCTION
A crucial aspect of invasion biology is the assessment of the impact of alien species on native assemblages. This is usually performed by traditional community analysis methods. These tasks are highly time-consuming, strongly dependent on available taxonomic expertise, and in practice applied most often only to the large macro-organisms present. The goal of the present study is to analyse with multigene (18S and COI) metabarcoding the effects of the proliferation of three invasive seaweeds on rocky littoral communities in Spanish National Parks. The algae chosen have all a big impact in terms of landscape changes (i.e., they are engineer species). Changes in the dominant algal species likely imply changes in the understory compartment, and little is known about the smaller components of the community. In other words, does the presence of invasive algae affect the communities "under the canopy"? We want to showcase the potential of metabarcoding for the assessment of biodiversity shifts linked to the presence of invasive species and set the baseline for future monitoring efforts on these communities.
MDS ordinations of the samples of the three datasets (Cc: Caulerpa cylindracea, Ll: Lophocladia lallemandii, Aa: Asparagopsis armata) and the two genes as per invasion status and fraction. The results of Permanova analyses for these two factors and their interaction is also shown. The Fraction factor is always significant, but the Invasion factor is not significant in the case of the Cc dataset for neither gene. Interaction was not significant in any case.
Clustering of the samples of the three datasets for the COI gene using the group average method. The Caulerpa dataset group first by fraction, then by invasion status. The other two communities cluster first by invasion status.
METHODS
Samples were taken by scuba diving at two Spanish National Parks: the Cabrera Archipelago (Balearic Islands, NW Mediterranean) and the Atlantic Islands of Galicia (NE Atlantic). We have sampled macroalgal forest communities dominated by three invasive seaweeds: Lophocladia lallemandii and Caulerpa cylindracea in the Mediterranean, and Asparagopsis armata in the Atlantic. For each community triplicate samples from interspersed invaded and non-invaded surfaces were obtained by scraping 25*25 cm quadrats to bare rock. After fixation the samples were sieved in three size fractions (A: > 10 mm; B: 1 -10 mm; C: 63 µm -1 mm). Fraction A was dominated by the canopy-forming algal species and was not used in this study, as we were interested in the smaller components of the communities. DNA was extracted from 10 g of each homogenized fraction and two genes were amplified: a fragment of the v7 region of the 18S rRNA gene (100-110 bp), using the 18S_allshorts primers (Guardiola et al. 2015) , and a fragment of the COI gene (ca. 313 bp), using a modification of the forward miCOIintF primer (Leray et al 2013) and the jgHCO2198 primer (Geller et al 2013) . Each library was sequenced independently in an Illumina MiSeq platform using v3 chemistry (paired ends, 2x150 bp for 18S and 2x300 bp for COI). The sequences generated were processed following the protocol and pipelines in Wangensteen & Turon (2017) , mostly based on the OBITools package. Clustering in MOTUs was made using the Bayesian clustering algorithm implemented in CROP. Taxonomy assignment was obtained with the ecotag procedure against custom reference databases. The MOTUs were then classified following the major Super-Groups of eukaryotes. Metazoan MOTUs were further classified into Phyla for additional analyses. We developed a semiquantitative index of abundance by ranking the read abundances of MOTUs in each sample from 0 to 4, being 0 absence of the MOTU and 1-4 a rank indicating that the number of reads of the MOTU falls in the following percentiles of the distribution of reads in the sample: rank 1, ≤50%, rank 2, >50≤75%; rank 3, >75≤90%, rank 4, >90%. The sample matrices were analysed using the vegan package in R and the Permanova and Primer programs using the Bray-Curtis index for measuring similarities between samples.
RESULTS AND DISCUSSION
The final datasets consisted of 2,415 MOTUs and 6,123,192 reads for 18S and 21,184 MOTUs and 5,509,878 reads for COI. Mean number of reads per sample was 154,123.13 for 18S and 157,342.83 for COI. All controls had negligible numbers or reads. Metazoa was the most diverse Super-Group for both markers, followed by Stramenopiles (18S) and Archaeplastida (COI). For both genes Arthropoda, Annelida and Cnidaria were the most diverse metazoan Phyla. Fraction C was the richest, with 40-70% more MOTUs than fraction B. Both markers generated widely different biodiversity estimates, with the number of MOTUs obtained for COI being an order of magnitude higher than for the shorter and less variable 18S fragment analysed. The patterns obtained with both genes, however, were essentially the same.
The results were dependent on the alga considered; while size fraction was a significant factor in all cases, the presence of the invasive alga had a significant effect on the understory communities for Lophocladia lallemandii and Asparagopsis armata but not for Caulerpa cylindracea, as revealed by MDS ordinations, cluster analyses and Permanova. Likewise, there was no consistent effect of the invasive algae in changes of MOTU richness and diversity of the communities, which varied in magnitude and direction depending on the alga considered. Overall, higher diversities were obtained in the invaded communities for the Caulerpa cylindracea and Lophocladia lallemandii datasets, and in the non-invaded samples for the Asparagopsis armata dataset. 
